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MOTION COMPENSATION FOR COLOR VIDEOC
SIGNALS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to motion compensation for
color video signals, and in particular to methods of and
apparatus for such motion compensation such as in
frame/field rate conversion or in signal compres-
sion/de-compression during video signal processing.

2. Description of the Prior Art

It 1s known in video processing to analyse the video
image for stationary and moving parts of the image.
This technique involves stationary parts of the image
being repeated from frame to frame (or field to field)
and the moving parts being defined by motion vectors
mapping the movement of those parts. On the basis of
such analysis, i1t 1s unnecessary to provide complete data
for each separate frame of the video image; data relating
to stationary parts of the image may be stored and then
repeated, whereas data relating to moving parts may
likewise be stored and repeated but with changing co-
ordinates in successive frames/fields depending on the
corresponding motion vectors. The motion compensa-
tion algorithms are generally based on inter-frame/field
comparisons to select motion vectors for objects within
the image.

One application of this technique is in image com-
pression for transmission or storage. By repeating the
stationary parts of the image at the same co-ordinates in
successive frames/fields, and by repeating the moving
parts of the image at co-ordinates changing in accor-
dance with the motion vectors, a significant amount of
data rate reduction can be achieved thereby compress-
ing the video signal to be transmitted or stored. Upon
reception or reproduction of the compressed video
signal, the image can be reconstructed on the basis of
the repeating co-ordinate information and the motion
VeCtors.

Another application of this technique is in frame/-
field rate conversion when a video signal (for example,
of one standard) at a particular frame/field rate needs to
be converted into a video signal (for example, of an-
other standard) at a different frame/field rate. It is then
necessary to interpolate frames/fields between those
defined by the original signal, and the use of motion
compensation as described above is very effective in
providing such interpolated images.

UK Patent Application Publication No. 2 231 228 A
(the contents of which are incorporated herein by refer-
ence) discloses one way in which such motion vectors
can be generated, and how data interpolation can be
performed on the basis of the motion vectors.

Color video images, are represented by three orthog-
onal signal components, for example red (R), green (G)
and blue (B), or combinations of these such as lumi-
nance (Y) and color difference components (Cg, Cp).

In order to obtain the optimum performance in mo-
tion compensation for color video signals, respective
motion compensation algorithms should in theory be
applied to all three components, this requiring individ-
ual application of the algorithm to each component and
then combination of the three individual results. In
practice, this involves an unacceptable usage of signal
processing capability, and hence it is usual for only one
component to be analysed. This results in a sub-optimal
system being produced, the performance of which de-
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2

pends on the picture color content and the component
which has been chosen. Typically, the luminance com-
ponent 1s chosen as the single component for analysis.
In this case, important information may be ignored in a
brightly and distinctly colored scene. The luminance
component 15 generally composed of 59% green, 30%
red and 11% blue. Thus, in a luminance-only system, a
predominantly blue scene (or, to a lesser extent, a pre-
dominantly red scene) will provide sub-optimal perfor-
mance in view of the low proportion of the color con-
tributing to the luminarice, leading to low levels of both
the dynamic range of the input to the processor and also
the signal-to-noise ratio.

SUMMARY OF THE INVENTION

It i1s an object of the invention to provide a method
and an apparatus for motion compensation for color
video signals in which the defects of the prior art ap-
proach arising from using a single available component
to produce the motion vectors can be overcome or at
least alleviated.

It 1s another object of the invention to provide a
method and an apparatus for motion compensation for
color video signals, the performance of which is inde-
pendent of any particular color predominance in the
scene.

It is a further object of the invention to provide a
method and an apparatus for motion compensation for
color video signals in which both the dynamic range of
the input to the processing circuitry and also the signal-
to-noise ratio can be improved.

According to one aspect of the invention there is
provided a method of motion compensation for color
video signals, the method comprising deriving at least
one principal component from the video signals by
hotelling transformation thereof, and performing mo-
tion compensation on the basis of the derived principal
component.

According to another aspect of the invention there is
provided apparatus for frame/field rate conversion of
color video signals, the apparatus comprising hotelling
transform means for deriving at least one principal com-
ponent from the video signals, motion compensation
means for providing a motion compensation signal on
the basis of the derived principal component, and inter-
polation means for interpolating the video signals at a
different frame/field rate to that of the input video
signals on the basis of the motion compensation signal.

According to a further aspect of the invention there is
provided apparatus for compression/de-compression of
color video signals, the apparatus comprising hotelling
transform means for deriving at least one principal com-

- ponent from the video signals, motion compensation

means for providing a motion compensation signal on
the basis of the derived principal component, compres-
sion means for compressing the video signals on the
basis of the motion compensation signal, and de-com-
pression means for de-compressing the compressed
video signals on the basis of the motion compensation
signal.

The use of the hotelling transform, which can be used
to define a coordinate system based on a main principal
component which is statistically predominant, ensures
that a color component having the maximum informa-
tion at that time is used to derive the motion compensa-
tion algorithm. Since the color component can continu-
ously change to suit the image, the best possible use will
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be made of the color information in each image for
motion compensation.

The hotelling transform is described in more detail in
“Analysis of a Complex of Statistical Varniables into

Principal Components”, Hotelling H (1933), Journal of 5

Educational Psychology, Vol. 24, pp 417-441 and pp
498-520, and in “Digital Image Processing” (2nd Edi-
tion), Rafael C Gonzalez and Paul Wintz, publ. Addison
Wesley ISBN 0-201-11026-1, pp 122-125 and pp
322-329. The hotelling transform can also be referred to
as the eigen-vector, principal component or discrete
Karhunen-Loeve transform.

The above, and other objects, features and advan-
tages of this invention will be apparent from the follow-
ing detatled description of illustrative embodiments
which is to be read in connection with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a pixel plot of a typical image on a three
color coordinate system showing principal components;

FIG. 2 1s a circmit diagram of a motion compensated
frame rate converter according to an embodiment of the
invention;

FIG. 3 is a circuit diagram of a different type of mo-
tion compensated frame rate converter according to
another embodiment;

FI1G. 4 1s a block diagram of one implementation of a
hotelling transform circuit in FIGS. 2 and 3;

FIG. § is a schematic diagram of one implementation
of a statistics analyser in FIG. 4;

FIG. 6 1s a block diagram of a version of a matrix
circuit for FIG. 3; and

FIG. 7 is a circuit diagram of a compressor/de-com-
pressor according to a further embodiment of the inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
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ture, the change in the principal components will be
correspondingly slow, and therefore this analysis 1s
applicable to video image processing.

FIG. 2 shows a motion compensated frame rate con-
verter of the general type disclosed in the above-men-
tioned UK Patent Application Publication No. 2 231
228 A, but modified in accordance with an embodiment
of the invention. Input video signals R, G, B are sup-
plied to a matrix 10 and also to a hotelling transform
circuit 12. The hotelling transform circuit 12 calculates
suitable weighting signals in a manner to be described in
greater detail below, and supplies the weighting signals
to the matrix 10. As a result, principal component sig-
nals Pi, P, P3 are formed by the matrix 10 and supplied
to an interpolator 14. The main principal component P
is also supplied to a motion compensation circuit 16.
The interpolator 14 and the motion compensation cir-
cuit 16 operate in a similar manner to that described in
the above-mentioned UK Publication No. 2 231 228 A,
except that the principal components Py, Py, P3 are
interpolated rather than the R, G, B signals, and also the
motion compensation circuit 16 is responsive to the
main principal component Pj rather than to the lumi-
nance signal. As a result of interpolation by the interpo-
lator 14, the modified principal components, at the re-
quired different frame/field rate, are supplied from the
interpolator 14 to a matrix 18 which also receives the
weighting signals from the hotelling transform circuit
12. These weighting signals are utilised by the matrix 18
to transform the interpolated principal components
back to R, G, B form, but at the different frame/field
rate, and accordingly the matrix 18 supplies motion

. compensated and interpolated output video signals R/,

35

Referring to FIG. 1, there is shown an example of 40

typical color picture information in the form of a pixel
plot arranged on a three color coordinate system, in this
case red (R), blue (B) and green (G). It can be shown
that any scatter plot of pixels, such as that shown in
FIG. 1, can be resolved into three principal compo-
nents, one component P; representing the maximum
information of the scatter plot. In other words, the
component P) represents the maximum average infor-
mation content of the particular picture being consid-
ered. Likewise, the component P> 1s chosen as the com-
ponent orthogonal to P; which has the next highest
information content. Finally, the component P3 is
chosen to be orthogonal to P; and P>. This results in a
color coordinate system in which each component con-
tains uncorrelated imformation to the other two compo-
nents. According t0 embodiments of the invention, the
manner in which this coordinate system is derived is by
means of the hotelling transform which effectively
transposes a three coordinate axis system, such as the R,
G, B system shown i FIG. 1, into a different three
coordinate system, such as the Pj, P, P3 system shown
in FIG. 1, in which the main principal axis Pj is statisti-
cally predominant.

It will be apparent that the pixel scatter plot of differ-
ent pictures will vary, in accordance with variation in
the color content of each picture, and therefore the
principal components will also vary. However, in a
relatively slowly moving or otherwise changing pic-
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G, B

As outlined above, it 1s found that the principal com-
ponent stays approximately constant over time within a
scene of a video image. This is important since the mo-
tion compensation algorithms require inter-frame com-
parison. A filter can be added to the output of the ho-
telling transform circuit 12 in order to limit the rate of
change of the weighting signals. This prevents the
transposition back of the principal components into R,
G, B form from being performed using significantly
different weighting signals than those used for the R, G,
B to principal component transposition. It also allows
block matching to be performed between consecutive
frames/fields with similar principal components. How-
ever, such filtering results in some reduction in optimal-
ity of the principal components.

The circuit shown in FIG. 2 can readily be used with
apparatus such as that disclosed in UK Publication No.
2 231 228 A, the apparatus being modified such that the
interpolator receives principal component signals rather
than R, G, B signals, and the motion compensation
circuit receiving the main principal component. A dif-
ferent implementation is shown in FIG. 3. In this cir-
cuit, input video signals R, G, B are once more supplied
to a matrix 10’ and to the hotelling transform circuit 12.
However, the input video signals are also supplied di-
rect to an interpolator 14'. The hotelling transform
circuit 12 provides weighting signals to the matrix 10’ as
a result of which the main principal component Pj is
formed and supplied to the motion compensation circuit
16. The motion compensation circuit 16 calculates the
motion vectors based on the motion compensation algo-
rithm and supplies them to the interpolator 14'. The
interpolator 14’ operates to interpolate directly the
input video signals R, G, B so as to provide output
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video signals R’, G', B’ at the required different frame/-
field rate. The advantage of the circuit shown in FIG. 3
is that the video path of the signals R, G, B remains
untransformed in the original component scheme. This
avoids rounding errors in the matrix. Also, the circuitry 3
of the matrix can be somewhat simplified, since only the
main principal component P; needs to be formed.

F1G. 4 shows one implementation of the hotelling
transform circuit 12 in greater detail. The input video
signals R, G, B are supplied to a statistics analyser 20 0
which operates to calculate the mean value vector M of
the three R, G, B components, and also the covariance
values between the three components. Thus, if the mean
values of each of the R, G, B components are R, G, B
respectively, the mean value vector

135
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An eigen-vector and eigen-value calculation circuit 22
receives a 3 X3 covariance matrix C formed of the co-
variance values from the statistics analyser 20 and cal-
culates its eigen-vectors Vp and eigen-values E. The
eigen-vector and eigen-value calculation circuit 22 can
conveniently be in the form of an embedded micro-
processor. The eigen-vectors Vpand eigen-values E are
supplied to a color matrix calculation circuit 24 which
ranks the eigen-vectors Vpaccording to the magnitudes
of the corresponding eigen-values E and thereby pro-
vides the color matrix weighting signals representable
by a transformation matrix K to be supplied to the ma-
trix 10 and the matrix 18 (FIG. 2) or to the matrix 10’
(FIG. 3). In the matrix 18, the transformation matrix K
1s used in inverse form.

F1G. 5 shows one version of a statistics analyser 20 of
the hotelling transform circuit 12. The statistics analy-
ser 20 uses a number of sub-circuits 100, 200, 300 as
shown in the top part of the drawing. Each sub-circuit
100 includes a multiplier 110 receiving signals X, Y to
produce the product XY, a summing circuit 120 for
summing n values of the product XY and a divide-by-n
circuit 130 for deriving a value CXY over n samples.
Each sub-circuit 200 is broadly similar to the sub-circuit
100 except that only one type of signal X is supplied to
both inputs of a muitiplier 210 in order to generate X2,
the value Cyy being derived by the sub-circuit 200.
Each sub-circuit 300 sums n values of X in a summing
circuit 320 and then normalises the summed values in a
divide-by-n circuit 330. An averaged sample value X is
produced by the sub-circuit 300.

It will be seen from the main part of FIG. 5 that the
statistics analyser 20 receives the input video signals R,
G, B and subjects the signals to processing by the sub-
circuits 100, 200, 300 (the signals being operated on by
each sub-circuit forming part of the sub-circuit refer-

ence) in order to provide the 3 X 3 covariance matrix C,
which i1s of the form
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The configuration of the statistics analyser 20 is based
on the calculation

Cxy = = 3(X — X(¥ - V)

(summation over all image pixels) which can be ex-
panded and simplified as follows.

i

Cxy = =~ (SXY — 3X¥ — 3X¥ + 3XP)

- (3XY — X3¥ — 73X + X731)

L e
=-§-—(2XY—XY—XY+ X7)
(since ¥ = Yand 2X = X)
= > (=xY - X9

These are the calculations performed by the statistics
analyser 20 for all combmatlons of R, G and B, usmg the
intermediate values CBB, CG(;, CRR, CGB, CBR and
Cgrg, where

o~ 1
C'X]r=-E-EXI’

and

e d
Crx =+ X2

The statistics analyser 20 also provides the mean
value vector M of the three components R, G, B in the
form of the three individual mean values R, G, and B.

Returming to FI1G. 4, the eigen-vector and eigen-
value calculation circuit 22 receives the 3X3 covari-
ance matrix C and calculates the eigen-vectors Vpand
the eigen-values E of the matrix C.

The eigen-vectors Vpand the eigen-values E are sup-
plied to the color matrix calculation circuit 24 which
derives the weighting signal transformation matrix K
for the matrix circuit(s) from the ranked eigen-vectors
Y pas will now be described.

It can be shown that, for an image vector x, hotelling
transformation produces a new image vector P by mul-
tiplication of a centralised image vector (x—M) by the
transformation matrix K, namely

P=K (x—M).

In the present case, these vectors represent the fol-
lowing:

The transformation matrix K is derived by the color
matrix calculation circuit 24 as a result of normalisation
of the eigen-vectors Vpand placing the normalised ei-
gen-vectors in rank order by magnitude of their corre-
sponding eigen-values E. Thus, Vp; is the eigen-vector
with the greatest eigen-value Ei, Vpp is next in rank
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7 -
(with an intermediate eigen-value Ej) and Vp3 1s last
(having the smallest eigen-value E3).

Thus,
5
V1 Veir VPiGc VPiB
K=}|Vm |=| V2R VG VPB
Vi Vmr Vmc VB
10

The individual elements of the final 3 X3 matrix then
represent the individual weighting values to be applied
to the input video signals R, G, B. Thus the weighting
values are dependent on the statistical distribution of the
color information over all pixels in the picture, and can .
thus be used to derive the principal components Py, P2,
P3 in the matrix from the mput video signals R, G, B.
Thus, hotelling transformation of the R, G, B signals
in the matrix 10 1s in accordance with:

20
Py 45 R B
P =] Ve G |-]|G
Ps3 Ve B B |

25

FI1G. 6 shows one implementation of the matrix 10’ of
FIG. 3. The matrix 10’ has been chosen for simplicity
since only the main principal component P needs to be
obtained. The input video signals R, G, B are respec-
tively supplied to subtraction circuits 60, 61, 62 which 0

receive the mean values R, G, B respectively at their

subtraction inputs. Thus the subtraction circuits 60, 61,
62 derive

35

W QY 2l

R
G 11—
B

The weighting signal values of the transformation ma-
trix K in FIG. 6 comprise values Vpir, Vi, Vpigfrom
the color matrix calculation circuit 24, these being re-
spectively applied to multipliers 63, 64, 65. The differ-
ence signals from the subtraction circuits 60, 61, 62 are 45
supplied to the other inputs of the respective multipliers
63, 64, 65. The thus-weighted signals are then supplied
from the multipliers 63, 64, 65 to summing circuits 66,

67 in which the three weighted signals are added to-
gether to form the principal component Pj. 50
If all three components Py, P>, P3 are required, as for

the circuit of FIG. 2, the circuit of FIG. 6 must be
expanded to provide three separate component paths,
each similar to that shown in FIG. 6, and the weighting
signal values of the transformation-matrix K will then 55
consist of nine values (3X3 matrix) applied to respec-
tive multipliers. *

The above-described embodiments involve applica-
tion of the hotelling transform to frame/field rate con-
version circuits. A similar technique can be used in 60
video signal compression/de-compression for transmis- -
sion or storage.

FIG. 7 shows a video signal compression/de-com-
pression circuit according to another embodiment of
the invention. Input video signals R, G, B are supplied 65
(as in FIG. 3) to the matrix 10’ and to the hotelling
transform circuit 12. The input video signals R, G, B are
also supplied to a compressor 70. The hotelling trans-

8

form circuit 12 provides weighting signals to the matrix
10’ as a result of which the main principal component
P; is formed and supplied to the motion compensation
circuit 16. The motion compensation circuit 16 calcu-
lates the motion vectors in accordance with the motion
compensation algorithm based on the principal compo-
nent P1 and supplies them to the compressor 70. The
compressor 70 performs compression of the input video
signals R, G, B based on the motion information includ-
ing the motion vectors and supplies output compressed
video signals R¢, G, B¢ for transmission or recording,
for example. The motion information must also be trans-
mitted or recorded as part of the output video signals.

Upon reception or reproduction of the compressed
video signals R, G¢, Bcand of the motion information,
the signals are de-compressed by a de-compressor 72 on
the basis of the motion information to produce output
video signals R’, G, B’ which may be of a similar format
to the input video signals R, G, B.

The FIG. 7 compression/de-compression circuit is
based on the FIG. 3 circuit in that the main video path
of the signals R, G, B remains untransformed in the
original component scheme. This is a particularly ad-
vantageous configuration for transmission or recording
of the signals, since only the motion information needs
to be transmitted or recorded together with the com-
pressed signals. It would be possible to derive a com-
pression/de-compression circuit from that of FIG. 2,
but in that case, the second (output) matrix would need
to be provided on the reception/reproduction side of
the apparatus; consequently, the weighting signals from
the hotelling transform circuit 12 would need to be
transmitted/recorded as well as the compressed video
signals and the motion information. This increased need
to transmit/record control signals results in a data rate
reduction and thus the circuit of FIG. 7 is preferred.

Although illustrative embodiments of the inveniion
have been described in detail herein with reference to
the accompanying drawings, it is to be understood that
the invention is not limited to those precise embodi-
ments, and that various changes and modifications can
be effected therein by one skilled in the art without
departing from the scope and spirit of the invention as
defined by the appended claims.

We claim: |

1. A method of motion compensating color video
signals represented by a first set of signal components
comprising the steps of:

generating weighting coefficients as a function of the

distribution of color information of a picture by
performing a Hotelling transform on the first set of
signal components;

deriving at least a first principal component of a sec-

ond set of signal components from said first set of
signal components as a function of said weighting
coefficients, said first principal component repre-
senting a direction having maximum average color
information content of the picture;

calculating motion vectors of the picture from said

first principal component; and

generating first motion compensated signal compo-

nents as a function of said motion vectors.

2. A method according to claim 1, wherein said step
of generating motion compensated signal components
includes the step of motion compensating said first set of

signal components such that said first motion compen-

»
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sated signal components correspond to said first set of
signal components.

3. A method according to claim 1, further comprising
the steps of:

deriving a second principal component of said second

set of signal components from said first set of signal
components as a function of said weighting coeffi-
clents, said second principal component represent-
ing a direction orthogonal to said first principal
component having maximum average color infor-
mation content; and

deriving a third principal component of said second

set of signal components from said first set of signal
components as a function of said weighting coeffi-
cients, said third principal component representing
a direction orthogonal to said first principal com-
ponent and to said second principal component.

4. A method according to claim 3, wherein said step
of generating first motion compensated signal compo-
nents includes the step of motion compensating said
second set of signal components such that said first
motion compensated signal components correspond to
said second set of signal components.

5. A method according to claim 4, further comprising
the step of generating second motion compensated sig-
nal components from said first motion compensated
signal components as a function of said weighting coef-
ficients, wherein said second motion compensated sig-
nal components correspond to said first set of signal
components.

6. A method according to claim 1, wherein said step
of generating weighting coefficients includes deriving
covarlance values from said first set of signal compo-
nents.

7. A method according to claim 6, wherein said step
of generating weighting coefficients further includes
calculating mean values of said first set of signal compo-
nents.

8. A method according to claim 6, wherein said step
of generating weighting coefficients includes deriving
eigen-vectors and eigen-values of said covariance val-
ues.

9. A method according to claim 8, wherein said step
of generating weighting coefficients includes deriving
said weighting coefficients from said eigen-vectors and
sald eigen-values.

10. A method of field/frame converting color video
signals represented by a first set of signal components
comprising the steps of:

generating weighting coefficients as a function of the

distribution of color information of a picture by
performing a Hotelling transform on the first set of
signal components;

deriving at least a first principal component of a sec-

ond set of signal components from said first set of
signal components as a function of said weighting
coefficients, said first principal component repre-
senting a direction having maximum average color
information content of the picture;

calculating motion vectors of the picture from said

first principal component; and

generating first motion compensated and interpolated

signal components as a function of said motion
vectors.

11. A method according to claim 10, wherein said
step of generating weighting coefficients includes deriv-
ing covarlance values from said first set of signal com-
ponents; caiculating mean values of said first set of
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signal components; deriving eigen-vectors and eigen-
values of said covariance values; and deriving said
weighting coefficients from said eigen-vectors and said
eigen-values.

12. A method according to claim 10, further compris-
ing the steps of:

deriving a second principal component of said second

set of signal components from said first set of signal
components as a function of said weighting coeffi-
clents, said second principal component represent-
ing a direction orthogonal to said first principal
component having maximum average color infor-
mation content:

deriving a third principal component of said second

set of signal components from said first set of signal
components as a function of said weighting coeffi-
cients, said third principal component representing
a direction orthogonal to said first principal com-
ponent and to said second principal component;
and

generating second motion compensated and interpo-

lated signal components corresponding to said first
set of signal components from said first motion
compensated signal and interpolated signal compo-
nents as a function of said weighting coefficients:;
and

wherein said first motion compensated and interpo-

lated signal components are interpolated from said
second set of signal components and correspond to
said second set of signal components.

13. A method according to claim 10, wherein said
step of generating first motion compensated and inter-
polated signal components includes the step of interpo-
lating said first set of signal components, and said first
motion compensated and interpolated signal compo-
nents correspond to said first set of signal components.

14. A method of compressing color video signals
represented by a first set of signal components compris-
ing the steps of:

generating weighting coefficients as a function of the

distribution of color information of a picture by
performing a Hotelling transform on the first set of
signal components;

deriving at least a first principal component of a sec-

ond set of signal components from said first set of
signal components as a function of said weighting
coefficients, said first principal component repre-
senting a direction having maximum average color
information content of the picture;

calculating motion vectors of the picture from said

first principal component; and

motion compensating and compressing said first set of

signal components as a function of said motion
vectors to generate motion compensated and com-
pressed signal components corresponding to said
first set of signal components.

15. A method according to claim 14, wherein said
step of generating weighting coefficients includes deriv-
ing covariance values from said first set of signal com-
ponents; calculating mean values of said first set of
signal components; deriving eigen-vectors and eigen-
values of said covariance values; and deriving said
weilghting coefficients from said eigen-vectors and said
eigen-values.

16. A method according to claim 14, further compris-
ing the step of recording said first motion compensated
and compressed signal components and said motion
vectors on a recording medium.
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17. A method according to claim 16, further compris-
ing the steps of reproducing said first motion compen-
sated and compressed signal components and said mo-
tion vectors from said recording medium; and decom-
pressing said first motion compensated and compressed
signal components as a function of said motion vectors
to generate second motion compensated signal compo-
nents corresponding to said first set of signal compo-
nents.

18. A method according to claim 14, further compris-
ing the step of transmitting said first motion compen-
sated and compressed signal components and said mo-
tion vectors.

'19. A method according to claim 18, further compris-
ing the steps of receiving said first motion compensated
and compressed signal components and said motion
vectors; and decompressing said first motion compen-
sated and compressed signal components as a function
of said motion vectors to generate second motion com-
pensated signal components corresponding to said first
set of signal components.

20. An apparatus for motion compensating color
video signals represented by a first set of signal compo-
nents comprising:

means for generating weighting coefficients as a func-

tion of the distribution of color information of a
picture by performing a Hotelling transform on the
first set of signal components;
means for deriving at least a first principal component
of a second set of signal components from said first
set of signal components as a function of said
weighting coefficients, said first principal compo-
nenf representing a direction having maximum
average color information content of the picture;

means for calculating motion vectors of the picture
from said first principal component; and

means for generating first motion compensated signal

components as a function of said motion vectors.

21. An apparatus according to claim 20, wherein said
means for generating motion compensated signal com-
ponents 1s responsive to said first set of signal compo-
nents, said first motion compensated signal components
corresponding to said first set of signal components.

22. Apparatus according to claim 20, wherein said
means for deriving at least a first principal component
includes a matrix circuit.

23. An apparatus according to claim 20, further com-
prising:

means for deriving a second principal component of

said second set of signal components from said first
set of signal components as a function of said
weighting coefficients, said second principal com-
ponent representing a direction orthogonal to said
first principal component having maximum aver-
age color information content; and

means for derniving a third principal component of

said second set of signal components from said first
set of signal components as a function of said
weighting coefficients, said third principal compo-
nent representing a direction orthogonal to said
first principal component and to said second princi-
pal component.

24. An apparatus according to claim 23, wherein said
means for generating first motion compensated signal
components is responsive to said second set of signal
components, said first motion compensated signal com-
ponents corresponding to said second set of signal com-
ponents.
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25. An apparatus according to claim 24, further com-
prising means for generating second motion compen-
sated signal components from said first motion compen-
sated signal components as a function of said weighting
coefficients, wherein second motion compensated sig-
nal components correspond to said first set of signal
components.

26. Apparatus according to claim 20, wherein said
means for generating weighting coefficients includes
means for deriving covariance values from said first set
of signal components.

27. Apparatus according to claim 26, wherein said
means for generating weighting coefficients includes
means for calculating mean values of said first set of
signal components.

28. Apparatus according to claim 26, wherein said
means for generating weighting coefficients includes
means for deriving eigen-vectors and eigen-values of
said covariance values.

29. Apparatus according to claim 28, wherein said
means for generating weighting coefficients includes
means for deriving said weighting coefficients from said
eigen-vectors and said eigen-values.

30. An apparatus for field/frame converting color
video signals represented by a first set of signal compo-
nents comprising:

means for generating weighting coefficients as a func-

tion of the distribution of color information of a
picture by performing a Hotelling transform on the
first set of signal components;
means for deriving at least a first principal component
of a second set of signal components from said first
set of signal components as a function of said
weighting coefficients, said first principal compo-
nent representing a direction having maximum
average color information content of the picture;

means for calculating motion vectors of the picture
from said first principal component; and

means for generating first motion compensated and

interpolated signal components as a function of said
motion vectors.

31. An apparatus according to claim 30, wherein said
means for generating weighting coeflicients includes
means for deriving covariance values from said first set
of signal components; means for calculating mean val-
ues of said first set of signal components; means for
deriving eigen-vectors and eigen-values of said covari-
ance values; and means for deriving said weighting
coefficients from said eigen-vectors and said eigen-val-
ues.

32. An apparatus according to claim 30, further com-
prising:

means for deriving a second principal component of

said second set of signal components from said first
set of signal components as a function of said
weighting coefficients, said second principal com-
ponent representing a direction orthogonal to said
first principal component having maximum aver-
age color information content;

means for deriving a third principal component of

said second set of signal components from said first
set of signal components as a function of said
weighting coefficients, said third principal compo-
nent representing a direction orthogonal to said
first principal component and to said second princi-
pal component; and

means for generating second motion compensated

and interpolated signal components corresponding
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to said first set of signal components from said first
motion compensated signal and interpolated signal
components as a function of said weighting coeffi-
cients; and

wherein said first motion compensated and interpo-

lated signal components are interpolated from said
second set of signal components and correspond to
said second set of signal components.

33. An apparatus according to claim 30, wherein said
means for generating first motion compensated and
interpolated signal components includes means for in-
terpolating said first set of signal components, said first
motion compensated and interpolated signal compo-
nents corresponding to said first set of signal compo-
nents.

34. An apparatus for compressing color video signals
represented by a first set of signal components compris-
ing the steps of:

means for generating weighting coefficients as a func-

10

15

tion of the distribution of color information of a 20

picture by performing a Hotelling transform on the
first set of signal components;

means for deriving at least a first principal component
of a second set of signal components from said first
set of signal components as a function of said
weighting coefficients, said first principal compo-
nent representing a direction having maximum
average color information content of the picture;

means for calculating motion vectors of the picture
from said first principal component; and

means for motion compensating and compressing said
first set of signal components as a function of said
motion vectors to generate motion compensated
and compressed signal components corresponding
to said first set of signal components.
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35. An apparatus according to claim 34, wherein said
means for generating weighting coefficients includes
means for dertving covariance values from said first set
of signal components; means for calculating mean val-
ues of said first set of signal components; means for
deriving eigen-vectors and eigen-values of said covari-
ance values; and means for deriving said weighting
coefficients from said eigen-vectors and said eigen-val-
ues.

36. An apparatus according to claim 34, further com-
prising means for recording said first motion compen-
sated and compressed signal components and said mo-
tion vectors on a recording medium.

37. An apparatus according to claim 36, further com-
prising means for reproducing said first motion compen-
sated and compressed signal components and said mo-
tion vectors from said recording medium; and means for
decompressing said first motion compensated and com-
pressed signal components as a function of said motion
vectors to generate second motion compensated signal
components corresponding to said first set of signal
components.

38. An apparatus according to claim 34, further com-
prising means for transmitting said first motion compen-
sated and compressed signal components and said mo-
tion vectors.

39. An apparatus according to claim 38, further com-
prising means for receiving said first motion compen-
sated and compressed signal components and said mo-
tion vectors; and means for decompressing said first
motion compensated and compressed signal compo-
nents as a function of said motion vectors to generate
second motion compensated signal components corre-

sponding to said first set of signal components.
x Xk * ok %
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